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ABSTRACT The prevalence of HIV infection in correctional settings is several-fold higher
than found in community settings. New approaches to identifying HIV infection among
prisoners are urgently needed. In order to determine the HIV seroprevalence and to iden-
tify the correlates of HIV infection among female prisoners, an anonymous, but linked
HIV serosurvey was conducted at Connecticut’s sole correctional facility for women
(census=1,100). After removing all individual identifiers for inmates’ standardized clinical
and risk behavior information, data are linked by a third source to blinded HIV-testing
information by a third party. This three-step sequential process allows for anonymous HIV
testing that can still be linked with deidentified clinical and behavioral data. Of the 3,315
subjects with complete information, 250 (7.5%) were HIV+. Of these, 157 (63%) self-
reported being HIV+. Using multiple logistic regression analysis, having sex with a known
HIV+ person [adjusted odds ratio (AOR)=9.1] and injection drug use (AOR=6.1) were
the most highly correlated risk factors for HIV, whereas leukopenia (AOR=9.4) and
hypoalbuminemia (AOR=7.2) were the most significant laboratory markers. Other inde-
pendent correlates of HIV included self-report of syphilis (AOR=1.9) or genital herpes
infection (AOR=2.7) and being Black (AOR=2.1) or Hispanic (AOR=2.2). The preva-
lence of HIV and HIV-risk behaviors is high among incarcerated women. Existing volun-
tary HIV counseling and testing programs do not completely target high-risk groups who
remain part of the evolving epidemic. Defined demographic, behavioral, and clinical assess-
ments may provide useful information for encouraging targeted counseling and testing.
Newer targeted approaches merit further study to determine the effectiveness of this
approach. Alternative methods of facilitating more widespread HIV testing, such as saliva
tests, rapid serologic tests, and more routine testing in high HIV-prevalence areas should be
considered both for clinical and for public health benefits. 
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INTRODUCTION 

Of the estimated 850,000–950,000 people in the United States living with HIV,
approximately 25% are unaware of their serostatus.1 Each year, about 40,000 new
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people are estimated to be infected with HIV; this number has not changed substantially
since the early 1990s.1 In April, 2003, the Centers for Disease Control and Prevention
(CDC) set forth an initiative entitled, New Strategies for a Changing Epidemic, aimed
at promoting early diagnosis and subsequently, early treatment of HIV infection
through, among other things, increased testing outside medical settings in areas of
known high HIV prevalence. Because pretest counseling for HIV can be a barrier to
expanded testing, the CDC initiative now promotes HIV testing that does not
require pretest counseling.2 

Correctional systems represent important sites for the detection of HIV3–5; they
house the nation’s highest concentration of HIV-infected individuals.6 For exam-
ple, in 2000, 2.2% of all inmates in US prisons and 5.2% of all inmates in the
Northeast were HIV infected.7 In addition, approximately 20%–26% of people
living with HIV infection pass through a correctional facility each year; approxi-
mately 50% of these do not know their HIV status.8 Correctional systems also rep-
resent important sites for the initiation of medication for the prophylaxis of
opportunistic infections and treatment of HIV infection.9–11 The high concentration
of HIV-infected persons in prison and jail increases the yield of identifying HIV in
those settings. In Rhode Island, where HIV testing is routine for all inmates at
entry and mandatory at conviction, nearly one third of all new HIV diagnoses in
the state come from correctional settings.12 Most states, however, currently rely on
voluntary counseling and testing (VCT) to identify HIV infection. In Maryland,
HIV VCT was accepted by 47% of the entrants; however, it identified only 34% of
the HIV-seropositive inmates detected by serosurvey. Despite having multiple HIV-
risk factors, HIV-seropositive individuals were more likely to refuse HIV testing.13

Acceptance of HIV testing was subsequently found to be improved by implement-
ing HIV testing using saliva.14 The CDC currently promotes other strategies for
HIV testing, including the use of rapid testing assays that increase uptake of testing
and reduce the often-cited “waiting for results” as a barrier.15–17 Clearly, it is
important to provide a range of options for testing that address some of the fre-
quently cited barriers, or to consider alternative means for identifying individuals
who should be encouraged to get tested. 

Expanding testing in correctional settings has benefits for inmates as well as the
community. The identification of HIV-infected individuals while in prison allows
inmates to engage in treatment at a time when they are likely to receive health care.
Posttest counseling for inmates who test negative allows them to receive education
about HIV prevention.18 Because most inmates will eventually return to the commu-
nity, knowledge of HIV-positive status and education about prevention will help to
curb the spread of the epidemic.19,20 

The growing HIV epidemic among women makes it essential to identify ways
to increase HIV screening. Women are more likely than men to acquire HIV from
injection drug use (IDU) and heterosexual transmission21 and to present to clinical
care settings with advanced HIV disease22,23 and less likely to receive antiretroviral
therapy.24 Because the prevalence of HIV among prisoners is four to seven times
greater than that in the surrounding community, and the HIV prevalence among
women prisoners is greater than that found among male prisoners, we conducted an
innovative prospective HIV serosurvey to determine the correlates of HIV infection
among female prisoners. We sought to determine the seroprevalence of HIV infection,
the medical, social, and behavioral risk factors for infection, and whether there are
clinical laboratory markers predictive of HIV infection. Such information may be used
to enhance targeted referrals for HIV testing when routine testing is not available. 
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METHODS 

Study Site 
All incarcerated women in Connecticut, including sentenced women and pretrial
detainees, were admitted and evaluated at the sole intake facility for women, in
Niantic, Connecticut. The average daily census of the facility was 1,100 women. On
arrival to the facility, a standardized medical intake was conducted on all inmates,
which included information regarding medical, social, sexual, and drug-use histories.
Nurses performing routine clinical duties administered the questionnaire within the
first 3 hours of a woman’s admission to the facility. Each inmate underwent a stan-
dardized physical examination, and the morning after incarceration underwent a
routine phlebotomy to obtain a complete blood count, chemistry profile, and syphilis
serology (rapid plasmin reagent test, confirmed by fluorescent treponema antibody,
absorbed test). Urine was tested for Beta-HCG (pregnancy test). In addition, a chest
X-ray was obtained, and a purified protein derivative was placed for tuberculosis
screening. Voluntary HIV counseling and testing was available by medical referral
or by inmate self-request. All inmates with known HIV infection received compre-
hensive HIV care from a board-certified infectious disease specialist from the Yale
University AIDS Program at regularly scheduled clinic visits. Antiretroviral agents
available to inmates included all current U.S. Food and Drug Administration-
approved therapies. After incarceration, pretrial detainees may be released on bond
at any time or at court-appointed hearings. 

Study Design 
Anonymous HIV testing among inmates was conducted from November 1994
through October 1996 by using discard sera from routine phlebotomy. Medical
intake forms, with detachable carbon copies devoid of personal identifiers, allowed
the collection of all intake information while preserving anonymity. Assignment of
a sequential study number to each inmate entering the facility allowed the separa-
tion of clinical and HIV serologic testing sites to preserve anonymity while permit-
ting repeated sampling of the same individual over time (Figure).

At intake, a first study number (SN-1) from a standardized link-file form was
attached to the carbon copies and to the phlebotomy tube; the latter was done only
on discard sera with simultaneous removal of individual unique identifiers. Each
unique individual maintained the same SN-1 irrespective of date of admission, thus
allowing for repeat sampling of individuals over time. After routine laboratory test-
ing, the discard sera, with SN-1, were sent by study personnel to the CDC for anony-
mous HIV-1 antibody testing. Specimens repeatedly testing positive on enzyme-linked
immunosorbent assay were confirmed by Western blot analysis. The entire inmates’
intake information, devoid of personal identifiers and labeled only with SN-1, was
also sent to the CDC. At the CDC, both the discard sera and the intake information
were assigned a corresponding second study number (SN-2), and the SN-1 was
removed. Only then were HIV-serologic results linked to the intake information,
using SN-2 to merge the data. The merged data set, linked anonymously to HIV-1
antibody results, was then transferred to the Yale University AIDS Program for analy-
sis. In this manner, the Yale University AIDS Program had the only link between
unique individuals and SN-1, and the CDC had the only link between SN-1 and SN-2.
The Yale University AIDS Program did not provide information to the Connecticut
Department of Correction regarding the identity of individuals, and the CDC did not
allow for decoding from SN-2 to SN-1, thus preserving the anonymity of all inmates. 
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This novel method for serial anonymous, linked serologic testing, also allows
for anonymous studies of HIV seroconversion in this population. For this study, the
main benefits of this methodology were to prevent duplicate sampling of inmates
with more than one admission during the study period and to permit repeat oppor-
tunities for serologic testing among inmates with multiple admissions who did not
have sera available from their first admission. This methodology was first devel-
oped during prior HIV serological screening programs to protect the subjects who
did not provide consent for testing of discard sera.25 Research approval for the
study was obtained from the Yale University, School of Medicine (with prisoner
advocate), Centers for Disease Control, and Connecticut Department of Correction
Institutional Review Boards. 

Definitions 
HIV-1-seropositive status was defined by a repeatedly positive enzyme-linked
immunosorbent assay test with confirmatory Western blot analysis. Positive syphilis
serology was defined by reactive rapid plasmin reagent test serology with confirma-
tory fluorescent treponema antibody, absorbed test. Other sexually transmitted dis-
eases (STD) were defined by the inmate’s self-reporting the history of the disease.
Illicit drug use was defined as the self-reported use of heroin, cocaine, or illegal
methadone. Crack use was defined by an inmate’s self-reported smoking of cocaine.
IDU was defined by self-report of IDU, having a history of endocarditis, or
observed needle tracks during the physical examination. Noninjecting drug use
(NIDU) was defined by illicit drug use, but no IDU. All illicit drug use variables per-
tained to lifetime use. Sharing injecting equipment was defined by self-report of

Subject Information 
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Discard Sera 
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Intake Information 
(Prisoner ID) a

Subject Information 
(SN-2) 

HIV Testing 
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Disease Control 
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FIGURE. Study design and management of data. 
apretrial detainees and sentenced prisoners. 
ball prisoner identifiers removed, same number used for repeated incarcerations.
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sharing needles or injecting equipment when using drugs, and was restricted to
those also meeting the criteria for IDU. Commercial sex work (CSW) was defined
by self-reporting the exchange of sex for money, drugs, protection, or rent. Any
violence referred to the self-report of being physically harmed, including sexual vio-
lence. Sexual violence was defined by the woman’s self-report of being forced to
have sex against her wishes, or being physically harmed against her will when hav-
ing sex. CSW and violence variables represent lifetime exposures. All disease history
variables were based on self-report. Psychiatric history included self-report of a his-
tory of a psychiatric condition, any hospitalization for a psychiatric condition, or
having tried to hurt or kill oneself. Tuberculosis history included self-report of
either active tuberculosis or positive purified protein derivative (PPD) test history.
Racial/ethnic differences were analyzed for non-Hispanic white (hereinafter called
white), non-Hispanic black (black), and Hispanic. Seventy-four people classified as
“other” race (of whom 49 had HIV serologic results and two were HIV seroposi-
tive) were excluded from analyses involving racial/ethnic differences. 

Analysis 
For reincarcerated individuals who, at any intake during the study period, underwent
phlebotomy, and whose discard sera were tested for HIV-1 antibody at the CDC, the
first such intake was used as the unit of analysis. Individuals without HIV-serologic
results were excluded from the subsequent analysis of predictors of HIV seropositivity. 

Statistical analysis was performed by using the SAS statistical software, release
6.11. Bivariate comparisons were performed by using the chi-square test and the
Student’s t test. Multivariate analyses were performed by using fixed logistic regres-
sion models. Variables that were retained in the models were tested for interactions
with each other. To avoid overfitting the data, a minimum events-to-variables ratio
of 10 was maintained in the multivariate analyses. 

RESULTS 

Description of Study Sample 
During the 23-month study period, 4,952 (71%) of 7,015 intakes were for unique
individuals. Discard sera were available for anonymous HIV antibody testing from
3,315 (67%) individuals. Reasons for no discard sera included early subject release
owing to meeting bond requirements, institutional lockdown that impeded transfer
to medical unit for phlebotomy, and inability to perform phlebotomy. Table 1 sum-
marizes the characteristics of the individuals with and without serologic results. In
general, those with serologic results were more likely to be younger, more likely to
have been reincarcerated during the study period, and less likely to be an IDU or
report being HIV infected. IDUs among this sample tended to be older than non-
IDUs (data not shown). In a multiple logistic regression analysis of inmates with
serologic results, controlling for age and race/ethnicity, reincarceration was signifi-
cantly associated with both IDU and NIDU, as well as CSW (adjusted odds
ratios =3.8, 2.1, and 1.5, respectively; data not shown). 

Of the 3,315 individuals with HIV-serologic results, 250 (7.5%) tested positive
for HIV (Table 2). HIV-seropositive inmates were significantly older, less educated,
and were more likely to have been reincarcerated during the study period. Non-
white inmates, black inmates in particular, were significantly more likely to be HIV
seropositive. Although pneumonia, hepatitis, diarrhea, fatigue, and recent weight



CORRELATES OF HIV INFECTION AMONG INCARCERATED WOMEN 317

loss by inmates’ self-report were associated with seropositive status, self-reported
history of psychiatric illness and tuberculosis were not. Of the 250 HIV-seropositive
women, 157 (63%) self-reported themselves as being HIV infected; 37% either did
not know their status or chose not to disclose it. 

TABLE 1. Characteristics of female inmates, with and without HIV-serologic results (N � 4,952) 

*For differences between those with and without HIV-serologic results, by the Student’s t test (for age) and
the chi-square test. 

†Incarcerated more than once during the study period. 
‡Drug use refers to self-reported lifetime use of heroin, cocaine, or methadone. Injection drug use (IDU)

refers to self-reported injection drug use, history of endocarditis, or notations of needle “track marks” during
physical exam.

Characteristic With results (N = 3,315) Without results (N =1,637) P value* 

Mean age (years) 30.6 31.1 .05 
Black 1,335 (41) 606 (38) .20 
Hispanic 583 (18) 312 (20) .36 
White 1,342 (41) 665 (42) Referent 
Finished high school 1,146 (49) 461 (50) .59 
Recidivist† 1,202 (36) 202 (12) <.01 
Self-report being HIV+ 157 (4.7) 101 (6.2) .03 
Commercial sex work 779 (24) 359 (24) .95 
Injection drug use‡ 685 (22) 413 (31) <.01 
Noninjecting drug use 1,409 (45) 563 (42) .10 
No illicit drug use 1,006 (32) 353 (27) Referent 

TABLE 2. Characteristics of HIV-seronegative and HIV-seropositive female inmates (N�3,315) 

*For differences between HIV-seronegative and HIV-seropositive inmates, by the Student’s t test (for age)
and the chi-square test. 

†More than one intake during the study period. 
‡Self-report of a history of a psychiatric condition, any hospitalization for a psychiatric condition, or trying

to hurt or kill oneself. 
§Self-report of either tuberculosis or positive purified protein derivative test. 
¶Self-report of being physically harmed, including sexual violence. 

Characteristic HIV seronegative (N =3,065) HIV seropositive (N =250) P value* 

Mean age (years) 30.5 32.7 <.01 
Race    

White 1,264 (42) 78 (31) Referent 
Black 1,214 (40) 121 (49) <.001 
Hispanic 534 (18) 49 (20) .04 

Finished high school 1,079 (50) 67 (38) <.01 
Recidivist† 1,079 (35) 123 (49) <.01 
Psychiatric history‡ 1,203 (40) 109 (44) .17 
Tuberculosis history§ 151 (5) 15 (6) .39 
Pneumonia history 476 (16) 90 (36) <.01 
Hepatitis history 258 (9) 85 (35) <.01 
Current diarrhea 450 (15) 66 (27) <.01 
Current fatigue 1,020 (34) 131 (54) <.01 
Recent weight loss 918 (30) 101 (42) <.01 
Any violence¶ 1,415 (65) 126 (72) .05 
Self-report HIV+ 23 (1) 157 (63) <.01 
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Bivariate Correlates of HIV Infection 
Drug-related risks associated with HIV-seropositive status are described in Table 3.
Both IDU and NIDU were associated with HIV infection. Among IDUs, sharing
injecting equipment was strongly correlated with HIV seropositivity (OR =5.2,
95% CI =3.7–7.5). Among inmates reporting any drug use, heroin was associated
with HIV infection, whereas cocaine did not have a significant association. The
daily consumption of alcohol was also associated with a two-fold increased risk of
HIV infection. Crack use showed a trend toward a negative association with HIV
seropositivity. 

Sex-related risks for HIV infection are presented in Table 4. Women reporting
sex with a partner who they believed to be HIV-infected had an 18-fold increased
risk for being HIV-seropositive. Both IDU and NIDU were significantly associated
with an inmate’s self-report of sex with an HIV-infected partner (P < .01 for both
IDU and NIDU; data not shown). Self-reporting sex with an IDU conferred over a
three-fold risk for being HIV infected, whereas sex in exchange for money, drugs,
protection, or rent (CSW), and sex with strangers had a three- and two-fold increased
risk, respectively. Among the HIV-seropositive CSWs, 67% were also IDUs (data
not shown). Overall, STD were associated with a greater than two-fold risk for HIV
infection, whereas ulcerative infections such as herpes and syphilis each conferred a
four-fold risk. 

Interestingly, always using condoms had a significant association with seropositive
status. HIV-seropositive women who also self-reported HIV-infected status were more
likely to report always using condoms, compared with HIV-seropositives who reported
being HIV negative (P=.01; data not shown). A history of sexual violence was signifi-
cantly associated with HIV infection, whereas nonsexual violence was not (data not
shown). Both IDU and NIDU were significantly associated with an inmate’s self-report
of sex with an HIV-infected partner (P<.01 for both IDU and NIDU; data not shown). 

TABLE 3. Bivariate analysis of drug-related risks among HIV-seronegative and 
HIV-seropositive female inmates 

*Odds ratio for HIV seropositivity, using the chi-square test. 
†Drug use refers to self-reported use of heroin, cocaine, barbiturates, or methadone. Injection drug use

(IDU) refers to self-reported injected drug use or history of endocarditis or observation of needle track marks
during physical exam. 

‡Self-reported sharing of needles or injecting equipment when using drugs. 
§In the month before incarceration.

Characteristic
Number HIV 

tested (N =3,315)
Number HIV seropositive

[N =250 (7.5%)]
Odds ratio (95% 

confidence interval)*

No illicit drug use 1,006 25 (10) Referent 
Injection drug use† 685 140 (59) 10.1 (7.0–14.6) 
Noninjecting drug use 1,409 74 (31) 2.2 (1.4–3.4) 
Among drug users   

Heroin use 1,070 149 (72) 2.4 (1.8–3.3) 
Cocaine use 1,802 184 (88) 1.1 (0.7–1.7) 
Crack use 1,177 104 (55) 0.7 (0.5–0.9) 

Shared injection equipment‡ 239 72 (30) 5.2 (3.7–7.5) 
Daily alcohol use§   

No 1,810 114 (46) Referent 
Yes 494 62 (25) 2.1 (1.5–2.9) 



CORRELATES OF HIV INFECTION AMONG INCARCERATED WOMEN 319

TABLE 4. Bivariate analysis of sex-related risks among HIV-seronegative and HIV-seropositive 
female inmates 

*Odds ratio for HIV seropositivity, using the chi-square test (row percentages in parentheses). 
†Self-reported sex with someone believed to be HIV infected. 
‡More than one male sexual partner in the past month. 
§Sex with a male partner who was not the inmate’s primary sexual partner. 
¶Self-reported condom use in the 6 months before incarceration. 
**Inmate’s lifetime self-report of being forced to have sex against her wishes or being physically harmed

against her will when having sex. 

Characteristic 
Number HIV 

tested N =3,315
Number HIV 

seropositive N =250
Crude odds ratio (95%
confidence interval)*

Sex with HIV+ partner†    
No 2,966 143 (5) Referent 
Yes 188 89 (47) 17.7 (13.7–23.0) 

Commercial sex work   
No 2,428 129 (5) Referent 
Yes 779 115 (15) 3.1 (2.4–4.0) 

Multiple sex partners‡   
No 1,810 129 (7) Referent 
Yes 461 43 (9) 1.3 (0.9–1.9) 

Sex with strangers§   
No 190 14 (7) Referent 
Yes 493 67 (14) 2.0 (1.1–3.6) 

Sex with an injection drug use   
No 2,895 214 (7) Referent 
Yes 311 33 (13) 3.4 (2.2–5.2) 

Always uses condoms¶   
No 2,138 130 (6) Referent 
Yes 973 99 (10) 1.8 (1.3–2.3) 

Genital herpes   
No 3,150 217 (7) Referent 
Yes 110 26 (24) 4.2 (2.7–6.4) 

Syphilis   
No 2,982 188 (6) Referent 
Yes 281 58 (21) 3.9 (2.9–5.2) 

Genital warts   
No 3,095 220 (7) Referent 
Yes 157 23 (15) 2.2 (1.4–3.5) 

Gonorrhea   
No 2,674 168 (6) Referent 
Yes 590 78 (13) 2.3 (1.7–3.0) 

Chlamydia   
No 2,834 213 (8) Referent 
Yes 430 33 (8) 1.0 (0.7–1.5) 

Any of the above sexually 
transmitted diseases 
No 2,203 123 (6) Referent 
Yes 1,064 123 (12) 2.2 (1.7–2.9) 

Sexual violence**   
No 1,394 82 (6) Referent 
Yes 953 93 (10) 1.7 (1.3–2.4) 
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A multiple logistic regression analysis using all variables with a P value <.10
from the bivariate analyses along with age and race/ethnicity determined the rela-
tive impact of important risk factors for HIV infection. Demographics, drug use,
and sexual risk were all independently associated with HIV seropositivity. Sex with
an HIV-infected partner was the single largest independent predictor of HIV infec-
tion. IDU exhibited a significant association with HIV infection apart from the
association seen for sharing injecting equipment. Ulcerative STD such as genital
herpes and syphilis also maintained significant associations. Interestingly, even
when controlling for specific drug- and sexually related risk factors, black and His-
panic women were still more likely than white women to be HIV infected. 

Laboratory Predictors of HIV Infection 
Bivariate and multivariate analyses for laboratory abnormalities, as they are associ-
ated with HIV infection, are summarized in Table 6. Leukopenia, hypoalbuminemia,
elevated hepatic transaminases, and positive syphilis serology all remained signifi-
cant, independent of the presence of other laboratory abnormalities. Laboratory
variables shown to be significant in the multivariate analysis (those for leukopenia,
hypoalbuminemia, elevated hepatic transaminases, and positive syphilis serology)
were placed in a multiple logistic regression model with the variables summarized in
Table 5. Leukopenia and hypoalbuminemia were still significantly associated with
HIV infection in the presence of the social and behavioral risk factors in the model
(Table 7).

DISCUSSION 

The minimum HIV seroprevalence among the female prisoners and pretrial detain-
ees in Connecticut who were tested anonymously in this study was 7.5%. Because
this women’s correctional facility houses both sentenced and unsentenced women,
the HIV prevalence may differ between these two groups. Though individuals who
were reincarcerated were overly represented in the group who had available sera,

TABLE 5. Multiple Logistic regression analysis of risk factors for HIV among female inmates 

Age as a continuous control variable. 
*Multiple logistic regression, with all listed variables as the predictors, and HIV-seropositive status as the

outcome. 
†Self-reported sex with someone believed to HIV infected. 
‡Injection drug use (IDU) refers to self-reported injection drug use or history of endocarditis or observation

of needle track marks during physical exam. 
§No illicit drug use as referent. 
¶White as referent. 

Characteristic Adjusted odds ratio (95% confidence interval)* P value

Sex with HIV+ partner† 9.8 (6.8–14.3) <.0001
Injection drug use‡ 5.9 (3.6–9.7)§ <.0001
Noninjecting drug use 1.4 (0.9–2.3)§ .16 
Genital herpes 3.1 (1.7–5.5) <.001 
Syphilis 2.2 (1.5–3.3) <.001 
Black 2.4 (1.7–3.6)¶ <.0001
Hispanic 1.7 (1.1–2.7)¶ .02 
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those without available serum for HIV testing were more likely to be IDU or self-
report HIV infection (two groups strongly correlated with HIV infection). This HIV
prevalence, however, is similar to that seen in prisons in the northeastern United
States.7 The greater reincarceration of the HIV-seropositive inmates during the
study, and the extent to which IDU, NIDU, and CSW were independently associ-
ated with reincarceration, indicate that there is ample opportunity to access individ-
uals who are at high risk for HIV infection, and to provide them with appropriate
HIV testing, treatment, and risk-reduction interventions. 

It has been estimated that less than half of prisoners with HIV infection know their
HIV status, leaving the remainder without receipt of appropriate and needed HIV-care
services.8 This study indicates that a substantial proportion of HIV-seropositive female
prisoners did not know their HIV status. Studies elsewhere demonstrate a relatively
low uptake of VCT. In Maryland, 39% of prisoners accepted VCT; however, those
with the highest risk for HIV did not accept it.26 In a collaborative screening pro-
gram in five large jails, HIV VCT of 1,020 prisoners yielded an overall HIV sero-
prevalence of 17%. Most of these, however, were confirmatory testing of known
HIV seropositives; relatively few individuals with newly identified HIV were identi-
fied using this approach.27 Moreover, although CDC-funded VCT programs in the
United States have demonstrated marked increase in testing overall, the percentage
of positive tests among traditionally high-risk individuals (e.g., men who have sex
with men, IDUs, blood transfusions) has decreased, and the proportion without
identifiable risk behavior has increased.28 This lack of identifiable risk factors in this
study suggests the need for the expansion of “traditional” HIV-risk factors. In addi-
tion, newer testing methods such as saliva testing and rapid testing, may be useful in
decreasing patient-level or system–level barriers to testing, and more routine testing
in high-prevalence areas should be strongly considered for both clinical and public
health benefits. 

In this study, many additional correlates were determined that can be used to
enhance targeted HIV testing among female prisoners. In contrast to other serosurveys

TABLE 7. Multiple logistic regression analysis of correlates of HIV infection among female 
inmates 

Age controlled for as a continuous control variable. 
*Multiple logistic regression, with all listed variables as the predictors, and HIV-seropositive status as the

outcome. 
†Self-reported sex with someone believed to HIV infected. 
‡Injection drug use (IDU) refers to self-reported injected drug use or history of endocarditis or observation

of needle track marks during physical exam. 
§No illicit drug use as referent. 
¶White as referent.

Characteristic Adjusted odds ratio (95% confidence interval)* P value 

Sex with HIV+ partner† 9.1 (5.9–14.1) <.0001 
Injection drug use‡ 6.1 (3.5–10.7)§ <.0001 
Noninjecting drug use 1.7 (1.0–2.9)§ .06 
Genital herpes 2.7 (1.3–5.2) <.01 
Syphilis 1.9 (1.2–3.0) <.01 
Black 2.1 (1.3–3.2)¶ .001 
Hispanic 2.2 (1.3–3.6)¶ <.01 
Leukopenia 9.4 (5.8–15.0) <.0001 
Hypoalbuminemia 7.2 (3.8–13.6) <.0001 
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among male prisoners, this study of female prisoners confirms self-reported sex with
an HIV-infected partner as an independent risk for HIV.13 Similar to other studies,
the major independent risk factors for HIV infection in this sample were IDU, geni-
tal herpes, syphilis, and black race. IDUs made up 59% of the HIV-seropositive
women in this study, of whom 51% reported sharing injecting equipment. The over-
all IDU rate among the sample (22%), however, was lower than that seen among
other prison samples.29,30 With over 40% of women not disclosing “traditional”
IDU risk behaviors, and in the absence of mandatory or routine HIV testing, alter-
native approaches to identifying HIV-infected prisoners need to be developed. The
intermediate proportion of IDU-related HIV infection seen here may reflect gender
differences in susceptibility to HIV infection as well as differences in HIV-risk behav-
ior and suggests the need to expand criteria for HIV testing among this population. 

Ulcerative STD, herpes and syphilis remained as independent risk factors for
HIV infection. The associations seen with gonorrhea and genital warts in the bivari-
ate analysis may also indicate the importance of nonulcerative STD in HIV infec-
tion, as has been suggested in other studies.31 In addition to acting physiologically
to enhance HIV transmission, STD may also act as markers of sexual risk behav-
iors. An important interaction between drug use and sexual risk taking is indicated
by the degree to which sex with an HIV-infected partner was associated with both
NIDU and IDU. The extent to which IDU risks and sexually related risks may over-
lap suggests the need for combined risk-reduction interventions that promote both
safer sexual behavior and safer injection practices.32 

Despite adjusting for specific risk factors related to drug use and sexual behav-
ior, black women still had an increased risk of HIV infection. This phenomenon
was also observed among black male prisoners in Connecticut.25 An increased odds
ratio for HIV infection among blacks after adjustment for STD and high-risk sexual
practices was noted in another study of men who have sex with men.33 Some of the
differences in HIV infection seen among black women in this study may be because
of inadequate measurement of different drug-using behaviors among this group,
including different practices regarding sharing of injection equipment. There is also
the possibility that an increased prevalence of HIV in these women’s social net-
works may put them at higher risk for HIV infection.25 

The potential use of routine clinical laboratory markers to screen for HIV risk
is suggested by the finding that leukopenia and hypoalbuminemia are both strongly
associated with HIV infection, independent of the risk factors discussed above. These
findings are consistent with those reported for laboratory abnormalities that were
predictive of later diagnosis with AIDS among mostly male inmates in New York
State34 and in sentenced male prisoners in Connecticut. Among certain groups of
women, such as urban adolescents35 or those attending inner-city prenatal clinics,36

use of “traditional” risk categories has been found to miss many who are HIV
infected. In certain cases, therefore, routine laboratory tests may be useful in deter-
mining those at higher risk. In settings where intake risk behavior information is
minimal, or where routine laboratory testing is not available, alternative HIV
screening programs should be considered. Mandatory HIV testing of sentenced pris-
oners has been feasible in Rhode Island and has resulted in diagnosis of over 30%
of all HIV cases statewide.5 

The high degree of awareness of HIV-infection status (63%) may be a marker
for many past experiences with the correctional system where a woman may repeat-
edly access HIV testing. This is supported by the high rate of recidivism among this
group. Drug treatment or other VCT experience among these women outside of the
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correctional system may also explain this awareness. The previous demonstration of
a high level of adherence to HIV medications in this same sample indicates that
these women are obtaining important HIV care in Connecticut’s correctional sys-
tem. The need for such care is suggested by the finding that 67% of these women
were first offered therapy in the correctional setting.11,37 

Approaches to improve identification of HIV among female prisoners have impor-
tant implications for HIV transmission. Reported condom use among women who
self-identified as being HIV infected was more consistent than condom use among
HIV-seropositive women who did not identify as being HIV infected or women who
were HIV negative. It therefore appears that knowledge of HIV-seropositive status
is associated with reduction in sexual risk taking. This finding is consistent with a
study of female prisoners in Québec38 and in male prisoners in Connecticut25 who were
more likely to use a condom compared with their HIV-seronegative counterparts. 

The novel methodology used in this study permitted linkage of risk behaviors,
medical history, and routine laboratory information to HIV serostatus while
maintaining the anonymity of individuals. By using this anonymous methodology to
follow a cohort of high-risk women entering a correctional facility, we avoided the
selection biases of other population-based studies, particularly cohort studies that
rely upon self-selected enrollment.39 Such a methodology also permits the resam-
pling of individuals to estimate HIV seroincidence for female prisoners in general.
An HIV seroincidence of 7.4%—higher than any of the other six sites of street-
recruited active drug users—was calculated for a substudy of HIV-seronegative
IDUs at this site.40 

CONCLUSIONS 

The prevalence of HIV among female prisoners remains high. A significant minority
of these women did not appear to be aware of their HIV-seropositive status. The
identification of their HIV infection could result in benefit from antiretroviral ther-
apy and other preventive measures if routine testing strategies had been deployed. A
combination of risk behaviors and laboratory markers may increase the identifica-
tion of HIV among female prisoners if systematically used with subsequent referral
for VCT. Such markers for HIV, however, are not uniformly assessed in busy cor-
rectional settings where time is often limited and resources for laboratory testing are
constrained. In lieu of the practical limitation of ineffective screening programs,
more proactive HIV-testing strategies should be assessed. Finally, the confirmation
of HIV-seronegative status would identify a substantial number of HIV-seronegative
women who would be ideal targets for HIV risk-reduction interventions.41,42 This
study demonstrates that correctional facilities are excellent sites for the implementa-
tion of primary and secondary HIV prevention and HIV treatment activities and, as
such, have important policy implications for prison health facilities and national
HIV prevention and treatment strategies. 

ACKNOWLEDGEMENT 

The authors thank Edgar Monterroso from the CDC for his dedication to and sup-
port for this project, Jerry Friedland for his suggestions and careful review of the
manuscript, and Paula Dellamura for her administrative support. Support for this
research was provided by the CDC (U64/CCU109686) and the National Institute
on Drug Abuse (K24 DA017072). 



CORRELATES OF HIV INFECTION AMONG INCARCERATED WOMEN 325

REFERENCES 

1. Fleming P, Byers RH, Sweeney PA, Daniels D, Karon JM, Janssen RS. HIV prevalence in
the United States, 2000. In: Program and abstracts of the 9th Conference on Retroviruses
and Opportunistic Infections; February 24–28, 2000; Seattle, Washington. Abstract 11.
Available at: http://www.retroconference.org/2002/abstract/13996.htm. Accessed April 4,
2005. 

2. CDC. Advancing HIV prevention: new strategies for a changing epidemic – United States,
2003. MMWR Morb Mortal Wkly Rep. 2003;52:329–332. 

3. Glaser JB, Greifinger RB. Correctional health care: a public health opportunity. Ann Intern
Med. 1993;118:139–145. 

4. Farley JL, Mitty JA, Lally MA, et al. Comprehensive medical care among HIV-positive
incarcerated women: the Rhode Island experience. J Womens Health Gend Based Med.
2000;9:51–56. 

5. Desai AA, Latta ET, Spaulding A, et al. The importance of routine HIV testing in the incar-
cerated population: the Rhode Island experience. AIDS Educ Prev. 2002;14:45–52. 

6. Arriola KR, Kennedy SS, Coltharp JC, et al. Development and implementation of the cross-
site evaluation of the CDC/HRSA corrections demonstration project. AIDS Educ. Prev.
2002;14:107–118. 

7. Maruschak LM. HIV in prisons, 2001. Bureau of justice statistics bulletin Jan 2004. NCJ
202293. Available at: http://www.ojp.usdoj.gov/bjs/pub/pdf/hivp01.pdf. Accessed January
17, 2004.

8. Hammett TM, Harmon MP, Rhodes W. The burden of infectious disease among inmates
of and releases from US correctional facilities, 1997. Am J Public Health. 2002;92:1789–
1794. 

9. Coons SJ. HIV in correctional facilities: a challenge and an opportunity. Clin Ther.
2002;24:1464–1465. 

10. Spaulding A, Stephenson B, Macalino G, et al. Human immunodeficiency virus in correc-
tional facilities: a review. Clin Infect Dis. 2002;35:305–312. 

11. Altice FL, Mostashari F, Friedland GH. Trust and the acceptance of and adherence to
antiretroviral therapy. J Acquir Immune Defic Syndr. 2001;28:47–58. 

12. Ramratnam B, Rich JD, Tsoulfas G, et al. Former prisoners’ views on mandatory HIV
testing during incarceration. J Investig Med. 1996;44:A251. 

13. Behrendt C, Kendig N, Dambita C, et al. Voluntary testing for human immunodeficiency
virus (HIV) in a prison population with a high prevalence of HIV. Am J Epidemiol.
1994;139:918–926. 

14. Bauserman RL, Ward MA, Eldred L, et al. Increasing voluntary HIV testing by offering
oral tests in incarcerated populations. Am J Public Health. 2001;91:1226–1229. 

15. Phillips KA, Bayer R, Chen JL. New centers for disease control and prevention’s guide-
lines on HIV counseling and testing for the general population and pregnant women.
J Acquir Immune Defic Syndr. 2003;32:182–191. 

16. Greensides DR, Berkelman R, Lansky A, Sullivan PS. Alternative HIV testing methods
among populations at high risk for HIV infection. Public Health Rep. 2003;118:531–539. 

17. Cohen MH, Olszewski Y, Branson B, et al. Using point-of-care testing to make rapid
HIV-1 tests in labor really rapid. AIDS. 2003;17:2121–2124. 

18. Revised guidelines for HIV counseling, testing and referral and revised recommendations
for HIV screening of pregnant women. MMWR Morb Mortal Wkly Rep. 2001;50:1–121. 

19. Crepaz N, Marks G. Towards an understanding of sexual risk behavior in people liv-
ing with HIV: a review of social, psychological, and medical findings. AIDS. 2002;16:
135–149. 

20. Incorporating HIV prevention into the medical care of persons living with HIV. MMWR
Morb Mortal Wkly Rep. 2003;52:1–24. 

21. Centers for Disease Control and Prevention. Cases of HIV infection and AIDS in the United
States, 2002. In: HIV/AIDS Surveillance Report. Vol 14. Available at: http://www.cdc.gov/
hiv/stats/hasr1402.htm. Accessed January 17, 2004. 

http://www.retroconference.org/2002/abstract/13996.htm
http://www.ojp.usdoj.gov/bjs/pub/pdf/hivp01.pdf
http://www.cdc.gov/hiv/stats/hasr1402.htm
http://www.cdc.gov/hiv/stats/hasr1402.htm


326 ALTICE ET AL.

22. Box TL, Olsen M, Oddone EZ, Keitz SA. Healthcare access and utilization by patients
infected with human immunodeficiency virus: does gender matter? J Womens Health.
2003;12:391–397. 

23. Jain MK, Skiest DJ, Cloud JW, Jain CL, Burns D, Berggren RE. Changes in mortality
related to human immunodeficiency virus infection: comparative analysis of inpatient
deaths in 1995 and in 1999–2000. Clin Infect Dis. 2003;36:1030–1038. 

24. McKinney MM, Marconi KM. Delivering HIV services to vulnerable populations:
a review of CARE act-funded research. Public Health Rep. 2002;117:99–113. 

25. Altice FL, Mostashari F, Selwyn PA, et al. Predictors of HIV infection among newly sen-
tenced male prisoners. J Acquir Immune Defic Syndr Hum Retrovirol. 1998;18:444–
453. 

26. Kassira EN, Bauserman RL, Tomoyasu N, Caldeira E, Swetz A, Solomon L. HIV and
AIDS surveillance among inmates in Maryland prisons. J Urban Health. 2001;78:256–
263. 

27. Arriola KR, Braithwaite RL, Kennedy S, et al. A collaborative effort to enhance HIV/STI
screening in five county jails. Public Health Rep. 2001;116:520–529. 

28. Sabin KM, Frey RL Jr, Horsley R, Greby SM. Characteristics and trends of newly identi-
fied HIV infections among incarcerated populations: CDC HIV voluntary counseling,
testing, and referral system, 1992–1998. J Urban Health. 2001;78:241–255. 

29. Decker MD, Vaughn WK, Brodie JS, Hutcheson RH, Schaffner W. Seroepidemiology of
hepatitis B in Tennessee prisoners. J Infect Dis. 1984;150:450–459. 

30. Vlahov D, Brewer F, Munoz A, et al. Temporal trends of human immunodeficiency virus
type 1 (HIV-1) infection among inmates entering a statewide prison system, 1985–1987.
J Acquir Immune Defic Syndr. 1989;2:283–290. 

31. Wasserheit JN. Epidemiologic synergy: interrelationships between human immunodefi-
ciency virus infection and other sexually transmitted diseases. Sex Transm Dis.
1992;19:61–77. 

32. Centers for Disease Control and Prevention. AIDS associated with injecting-drug use –
United States, 1995. MMWR Morb Mortal Wkly Rep. 1996;45:392–397. 

33. Easterbrook PJ, Chmiel JS, Hoover DR, et al. Racial and ethnic differences in human
immunodeficiency virus type 1 (HIV-1) seroprevalence among homosexual and bisexual
men. The multicenter AIDS cohort study. Am J Epidemiol. 1993;138:415–429.

34. Morse DL, Truman BI, Hanrahan JP, et al. AIDS behind bars: epidemiology of New
York State prison inmate cases, 1980–1988. N Y State J Med. 1990;90:133–138. 

35. D’Angelo LJ, Getson PR, Luban NLC, et al. Human immunodeficiency virus infection in
urban adolescents: can we predict who is at risk? Pediatrics. 1991;88:982–986. 

36. Barbacci MB, Dalabetta GA, Repke JT, et al. Human immunodeficiency virus infection
in women attending an inner-city prenatal clinic: ineffectiveness of targeted screening.
Sex Transm Dis. 1990;17:122–126. 

37. Mostashari F, Riley E, Selwyn PA, Altice FL. Acceptance and adherence with antiretrovi-
ral therapy among HIV-infected women in a correctional facility. J Acquir Immune
Defic Syndr Hum Retrovirol. 1998;18:341–348.

38. Hankins CA, Gendron S, Handley MA, et al. HIV infection among women in prison: an
assessment of risk factors using a nonnominal methodology. Am J Public Health.
1994;84:1637–1640. 

39. Dean HD, Lansky A, Fleming PL. HIV surveillance methods for the incarcerated popula-
tion. AIDS Educ Prev. 2002;14:65–74. 

40. Monterroso ER, Hamburger ME, Vlahov D, et al. Prevention of HIV infection in street-
recruited injection drug users. The Collaborative Injection Drug User Study (CIDUS).
J Acquir Immune Defic Syndr. 2000;25:63–70. 

41. Mahon N. New York inmates’ HIV risk behaviors: the implications for prevention pol-
icy and programs. Am J Public Health. 1996;86:1211–1215. 

42. Brewer TF, Vlahov D, Taylor E, et al. Transmission of HIV-1 within a statewide prison
system. AIDS. 1988;2:363–367. 


